Introduction
============

A systematic review and meta-analysis has demonstrated that the epidermal growth factor receptor (EGFR) mutation global prevalence in patients with non-small cell lung cancer (NSCLC) is 32.3%, which is different to the prevalence in the European population (14.1%), but similar to that in China (38.4%) ([@b1-ol-0-0-11801]). Exon 19 deletions and exon 21 L858R mutations are the most common mutations ([@b2-ol-0-0-11801]). The T790M point mutation occurs in 50-60% of patients and confers resistance to first-generation tyrosine kinase inhibitors (TKIs) ([@b2-ol-0-0-11801]--[@b4-ol-0-0-11801]).

For patients with wild-type EGFR and no resistance mutations, especially the T790M mutation, osimertinib is an effective third-generation irreversible inhibitor ([@b5-ol-0-0-11801],[@b6-ol-0-0-11801]). FLAURA Clinical Trials (Funded by AstraZeneca) have demonstrated that previously untreated EGFR-mutant patients treated with osimertinib had a significantly longer median progression-free survival (PFS) time than those treated with standard EGFR-TKIs (18.9 vs. 10.2 months) ([@b7-ol-0-0-11801]). Similar results were obtained in an Asian study ([@b8-ol-0-0-11801]).

However, the inclusion criteria for participation in clinical trials are often so stringent that most patients in clinical practice are unable to participate ([@b9-ol-0-0-11801]). In the real world, some patients may progress rapidly and have a short PFS time, and this may be associated with resistance mutations. Mechanisms of acquired resistance to first-generation EGFR-TKIs include the T790M point mutation and other gene alterations in PIK3CA, human epidermal growth factor receptor 2 (HER2) and KRAS ([@b10-ol-0-0-11801]). However, to the best of our knowledge, there has not been a clinical study to confirm the resistance mechanism to osimertinib. The present study revealed, from a clinical perspective, that patients with an EGFR mutation in addition to complex mutations experienced poor survival, and examined the resistance mechanism of osimertinib. Therefore, more comprehensive genetic tests are required for patients treated with osimertinib.

Patients and methods
====================

### Patients

Data from 128 patients treated with osimertinib diagnosed with NSCLC between March 2015 and November 2018 at the Chinese People\'s Liberation Army General Hospital (Beijing, China) were collected for the present study. Tissue for diagnosis was obtained by biopsy. Inclusion criteria were as follows: i) NSCLC patients diagnosed by histological examination; ii) osimertinib used during treatment; iii) measurable lesion by CT or MRI scan; and iv) age \>18 years. Exclusion criteria were: i) Patients that receive other treatments at the same time, such as biological immunotherapy, radiotherapy, etc.; ii) other malignant tumors that are not cured; iii) severe dysfunction of important organs such as heart, liver and kidney and iv) severe history of drug allergy. The diagnosis and staging of patients was based on National Comprehensive Cancer Network (NCCN) clinical practice guidelines ([@b11-ol-0-0-11801]). Among the 128 patients with NSCLC, 124 (96.9%) were diagnosed with adenocarcinoma, 3 (2.3%) with adenosquamous carcinoma and 1 (0.8%) with large cell carcinoma. A total of 125 patients were diagnosed with stage IV disease, while 3 were diagnosed with stage IIIB disease. In addition, 111 patients had EGFR mutations according to next-generation sequencing results and 82 patients underwent a further biopsy after progression on first-generation EGFR-TKIs. The details of the patient characteristics and EGFR mutation types are presented in [Tables I](#tI-ol-0-0-11801){ref-type="table"} and [II](#tII-ol-0-0-11801){ref-type="table"}.

### EGFR mutation detection

The molecular diagnostic method used in the present study was next-generation sequencing. First, a clinical pathologist evaluated the tumour content (≥30%) to confirm the adequacy of the sample for sequencing. A DNA FFPE Tissue kit (Qiagen GmbH) was used according to the manufacturer\'s instructions to extract DNA from 5-µm paraffin sections, and then standard sequencing was used to analyse the tissues after library preparation, hybrid capture and library quality assurance ([@b12-ol-0-0-11801]).

### Treatment and clinical assessment

Oral osimertinib (Tagrisso™; AZD9291; AstraZeneca PLC) was administered at a dose of 80 mg/day until disease progression (from 0.20--38.6 months, one patient died 0.2 months after trying osimertinib at the end of the systemic metastatic disease without T790M detection). Clinical follow-up assessments were performed, including radiological evaluations at an average of every 4--6 weeks, physical examinations were performed if patients were coughing or had another discomfort. Molecular pathological analyses by next-generation sequencing were performed when disease progression had been confirmed by CT or MRI scan in every 4--6 weeks of examination. Experienced investigators evaluated the treatment response according to the Response Evaluation Criteria In Solid Tumours 1.1 guidelines ([@b13-ol-0-0-11801]). The PFS time of the patients with osimertinib treatment was the main study end point, and PFS time was defined as the time from the beginning of osimertinib treatment to disease progression or to the last follow-up date (October 31, 2018). The efficacy of osimertinib treatment was represented by the objective response rate (ORR) and the disease control rate (DCR). The ORR included patients with a partial response (PR) or complete response (CR), and the DCR included patients with stable disease (SD), PR or CR.

### Statistical analysis

The Kaplan-Meier method was used to analyse PFS and overall survival (OS) times, and the median PFS values between different groups were compared using log-rank tests. Paired Student\'s t-test was used to analyse the measurement data in [Table SI](#SD2-ol-0-0-11801){ref-type="supplementary-material"}, and the χ^2^ test/Fisher\'s exact test was used to analyse categorical data. P\<0.05 (two-sided) was considered to indicate a statistically significant difference. SPSS v22.0 (IBM Corp.) was used to perform statistical analyses, and survival curves were generated with GraphPad Prism v7.0 (GraphPad Software, Inc.).

Results
=======

### Types of mutations and survival in the 128 patients

A total of 128 patients with sufficient case report data were available for analysis. A total of 120 (93.8%) patients had at least one genetic test, which identified 111 (86.7%) patients with EGFR mutations. In the present study, 17 patients still required the use of osimertinib, although those patients did not have EGFR mutations or the EGFR mutations were not detected. The presence of an EGFR mutation did not affect the PFS time in the present study (patients with EGFR mutation vs. patients without EGFR mutation; median PFS time, 12.2 months and 95% CI, 9.7--14.7, vs. median PFS time, 11.6 months and 95% CI, 7.7--15.5, respectively; P=0.369) ([Fig. S1](#SD2-ol-0-0-11801){ref-type="supplementary-material"}). The DCR was 81.3% (104/128), with 78 patients (60.9%) achieving PR. The median PFS of all the patients was 12.17 months (95% CI, 10.6--13.8). A total of 45 (35.2%) patients died, and the median OS was 29.33 months (95% CI, 27.1--31.6) ([Fig. S2](#SD2-ol-0-0-11801){ref-type="supplementary-material"}). The osimertinib treatment summary is shown in [Table III](#tIII-ol-0-0-11801){ref-type="table"}.

### Types of complex mutations and poor clinical outcomes in patients

Among the 111 patients with EGFR mutations, additional complex mutations were identified in 24 patients. Ten of them had primary complex mutations (before the use of osimertinib) and 14 of them had acquired complex mutations (after the use of osimertinib). These additional complex mutations included TP53 mutations (usually in association with other mutations), the C797S mutation, MYC amplification, EGFR amplification, KRAS or PIK3CA mutations, SCLC transformation-associated mutations, B-cell lymphoma 2-like 11 (BIM) deletion polymorphisms, HER2 exon 20 insertions and ALK rearrangements ([Fig. 1B](#f1-ol-0-0-11801){ref-type="fig"}). Patients with these primary complex mutations had a significantly shorter median PFS time compared with those without the same mutations before the use of osimertinib (3.4 months and 95% CI, 0.0--8.1, vs. 13.7 months and 95% CI, 10.8--16.6, respectively; P\<0.0001; [Fig. 1A](#f1-ol-0-0-11801){ref-type="fig"}). Patients with the acquired complex mutations had a significantly shorter median PFS time compared with those without the same mutations after the use of osimertinib (11.2 vs. 14.6 months; 95% CI, 8.5--13.9 and 95% CI, 10.6--18.6, respectively; P=0.0206; [Fig. S3](#SD2-ol-0-0-11801){ref-type="supplementary-material"}). These results demonstrated that these mutations may be responsible for osimertinib resistance. Our schematic diagram showing different patterns of the primary/acquired complex-mutations evolution. ([Fig. 1C](#f1-ol-0-0-11801){ref-type="fig"})

### Patients with EGFR and complex mutations

The median PFS time of 41 patients with the EGFR T790M mutation, in which threonine at position 790 of exon 20 is replaced by methionine ([@b14-ol-0-0-11801]), was significantly longer than that of the 13 patients with the T790M mutation and the aforementioned complex mutations (20.2 months and 95% CI, 10.5--25.9, vs. 10.8 months and 95% CI, 5.1--16.5, respectively; P=0.001; [Fig. 2A](#f2-ol-0-0-11801){ref-type="fig"}). The basic characteristics of these 54 patients are shown in [Table SI](#SD2-ol-0-0-11801){ref-type="supplementary-material"}.

Additionally, the median PFS time of the 87 patients with EGFR mutations was significantly longer than that of the 24 patients with EGFR and complex mutations (14.6 months and 95% CI, 10.62--18.65, vs. 6.6 months and 95% CI, 3.19--10.07, respectively; P\<0.0001; [Fig. 2B](#f2-ol-0-0-11801){ref-type="fig"}). The basic characteristics of these patients are shown in [Table SII](#SD2-ol-0-0-11801){ref-type="supplementary-material"}.

Discussion
==========

Osimertinib has been recommended by the National Comprehensive Cancer Network guidelines for untreated patients with advanced NSCLC with EGFR mutations. However, not all patients with EGFR mutations benefit from this drug ([@b7-ol-0-0-11801],[@b11-ol-0-0-11801]). Therefore, it is important to distinguish patients that will benefit from osimertinib from those that will be resistant.

Previous studies have revealed resistance mechanisms to osimertinib ([@b12-ol-0-0-11801]--[@b17-ol-0-0-11801]). The EGFR C797S mutation is a common resistance mutation that was first identified by Thress et al ([@b10-ol-0-0-11801]) via next-generation sequencing of cell-free plasma DNA. Previous studies have demonstrated that resistance to third-generation EGFR inhibitors is promoted by the C797S mutation ([@b15-ol-0-0-11801]), and that patients treated with osimertinib can use EAI045 in combination with cetuximab or brigatinib after the development of C797S resistance mutations ([@b16-ol-0-0-11801],[@b17-ol-0-0-11801]). In the present study, three patients developed a C797S mutation after osimertinib treatment; these patients had a primary EGFR 19del mutation, and PFS time was \>11 months when they were treated with osimertinib. Patients with resistance due to C797S mutations may have a longer PFS time than those with other mutations, such as HER-2 exon 20 insertions.

There are numerous other EGFR-related mutations associated with resistance mechanisms, such as the EGFR P848L mutation ([@b18-ol-0-0-11801]--[@b22-ol-0-0-11801]), EGFR amplification ([@b23-ol-0-0-11801],[@b24-ol-0-0-11801]), MET amplification ([@b25-ol-0-0-11801],[@b26-ol-0-0-11801]), HER2 mutations ([@b27-ol-0-0-11801],[@b28-ol-0-0-11801]), PIK3CA mutations ([@b29-ol-0-0-11801]--[@b31-ol-0-0-11801]) and mutations activating the RAS-MAPK signalling pathway ([@b32-ol-0-0-11801]--[@b35-ol-0-0-11801]). The present study revealed that a patient with the EGFR21L858R, P848L/T790M mutations experienced rapid progression after TKI treatment, including osimertinib. Therefore, complete genetic testing should be performed when selecting TKI treatments, and it is important to distinguish sensitivity mutations from resistance mutations. The present study suggested that one of the potential resistance mechanisms to osimertinib was MET amplification, even in the presence of an EGFR mutation. Patients with NSCLC with EGFR mutations harbouring MET amplifications may require a MET inhibitor after osimertinib progression. A T790M-mutation patient harbouring the HER2 exon 20 insertion displayed a 3.37-month PFS time after osimertinib treatment in the present study. The HER2 exon 20 insertion is a factor that may influence the efficacy of EGFR-TKIs.

Other mutations, such as mutations associated with SCLC transformation ([@b36-ol-0-0-11801]--[@b38-ol-0-0-11801]), BIM deletion polymorphisms ([@b39-ol-0-0-11801],[@b40-ol-0-0-11801]), TP53 mutations ([@b41-ol-0-0-11801],[@b42-ol-0-0-11801]) and ALK rearrangements ([@b43-ol-0-0-11801],[@b44-ol-0-0-11801]), may influence the PFS in patients treated with osimertinib. In the present study, 10 patients with dual TP53/EGFR mutations displayed a shorter PFS following the use of osimertinib than patients without these mutations.

The aforementioned studies suggest that these mutations may be important factors limiting the efficacy of osimertinib. Future studies should investigate novel therapeutic targets for NSCLC. Dual-targeting antibodies and combination therapies may provide benefits for patients with EGFR and additional complex mutations.

In conclusion, the present study investigated the effects of osimertinib in patients with advanced NSCLC with EGFR mutations, particularly T790M mutations. The present results indicate that the efficacy of osimertinib is weakened in patients with complex mutations, suggesting that complex mutations may be responsible for the resistance to osimertinib.
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![(A) Kaplan-Meier survival curves for the PFS of 10 patients with primary complex mutations vs. 101 patients with single EGFR mutations (median PFS time, 3.4 months and 95% CI, 0.0--8.1, vs. median PFS, 13.7 months and 95% CI, 10.8--16.6, respectively; P\<0.0001). (B) Patients with EGFR mutations harbouring additional complex mutations. (C) Schematic diagram representing that tumours with resistance to osimertinib may be heterogeneous, consisting of the EGFR19del/L858R mutation or other sensitivity-associated mutations (green) or the EGFRT790M mutation (orange), and harbour complex mutations (purple). PFS, progression-free survival; EGFR, epidermal growth factor receptor; HR, hazard ratio; TKI, tyrosine kinase inhibitor.](ol-20-03-2266-g00){#f1-ol-0-0-11801}

![(A) Kaplan-Meier survival curves for the PFS of 41 patients with the T790M mutation vs. 13 patients with the T790M mutation and additional resistance mutations (median PFS time, 20.2 months and 95% CI, 10.5--25.9, vs. median PFS time, 10.8 months and 95% CI, 5.1--16.5, respectively; P=0.001). (B) Kaplan-Meier survival curves for the PFS of 87 patients with EGFR mutations and 24 patients with EGFR and complex mutations (median PFS time, 14.6 months and 95% CI, 10.6--18.7, vs. median PFS, 6.6 months and 95% CI, 3.2--10.1, respectively; P\<0.0001). PFS, progression-free survival; EGFR, epidermal growth factor receptor; HR, hazard ratio.](ol-20-03-2266-g01){#f2-ol-0-0-11801}

###### 

Baseline characteristics of patients (n=128).

  Characteristics                                         Value
  ------------------------------------------------------- -------------
  Median age at start of first treatment (range), years   57 (28--90)
  Sex, n (%)                                              
    Female                                                79 (61.7)
    Male                                                  49 (38.3)
  Smoking history, n (%)                                  
    Smoker                                                33 (25.8)
    Non-smoker                                            95 (74.2)
  Histology, n (%)                                        
    Adenocarcinoma                                        124 (96.9)
    Others                                                4 (3.1)
  Clinical stage, n (%)                                   
    IV                                                    125 (97.7)
    IIIB                                                  3 (2.3)
  Performance status, n (%)                               
    0                                                     89 (69.5)
    1                                                     7 (5.5)
    2                                                     23 (17.9)
    3                                                     7 (5.5)
    4                                                     2 (1.6)
  Presence of metastasis, n (%)                           
    None                                                  13 (10.1)
    Brain                                                 44 (34.4)
    Bone                                                  60 (46.9)
    Liver                                                 11 (8.6)
  Number of metastatic organs, n (%)                      
    1                                                     49 (38.3)
    2                                                     52 (40.6)
    ≥3                                                    27 (21.1)

###### 

EGFR mutations of all patients (n=128).

  EGFR mutation       Exon 18^+^, n   19del^+^, n   21L858R/L861Q^+,^ n   Exon 18/19/21^−^, n   Exon18/19/21 unknown, n   Total, n (%)
  ------------------- --------------- ------------- --------------------- --------------------- ------------------------- --------------
  Primary T790M^+^    1               3             3                     1                     0                         8 (6.3)
  Acquired T790M^+^   0               21            22                    2                     1                         46 (35.9)
  T790M^−^            0               14            17                    4                     0                         35 (27.3)
  T790M unknown       1               10            15                    5                     8                         39 (30.5)
  Total, n (%)        2 (1.6)         48 (37.5)     57 (44.5)             12 (9.4)              9 (7.0)                   128 (100.0)

EGFR, epidermal growth factor receptor.

###### 

Osimertinib treatment summary.

  Characteristics                            Value
  ------------------------------------------ ---------------------------
  Osimertinib users, n (%)                   128 (100)
  EGFR^+^ mutation, n (%)                    111 (86.7)
  T790M^+^ mutation, n (%)                   54 (42.2)
  Efficacy of osimertinib treatment, n (%)   
    CR                                       0(0)
    PR                                       78 (60.9)
    SD                                       26 (20.3)
    PD                                       24 (18.8)
    ORR                                      78 (60.9)
    DCR                                      104 (81.3)
  mPFS, months                               12.17(95% CI, 10.6--13.8)
  mOS, months                                29.33(95% CI, 27.1--31.6)

EGFR, epidermal growth factor receptor; PD, progressive disease; ORR, objective response rate; DCR, disease control rate; mPFS, median progression-free survival; mOS, median overall survival.
